AIm: In this study, our aim was to examine if matrix metalloproteinase expressions (MMP-1, MMP-2, MMP-3) in patients operated with a lumbar disc hernia diagnosis are different in terms of clinical and neuroradiological findings.
INTRODUCTION
Degenerative disc disease (DDD) is a clinical condition such as disc hernia, spondylosis, and radiculopathy. It is generally seen in parts of the vertebrae exposed to stress, and is caused by biochemical, vascular, and anatomic changes in intervertebral discs. Intervertebral discs (IVD) are composed of annulus fibrosus and nucleus pulposus, and have an elastic structure that transfers compressive load to the spinal column. The structure of the extracellular matrix (ECM) of the discs comprises collagen, proteoglycans, and water. The unity of this structure determines the functional features of the intervertebral disc. In conditions such as degenerative disc disease and disc hernia, these important structural components of the extracellular matrix are denatured and disorganized (4, 14) . During intervertebral disc degeneration, the balance between ECM synthesis and destruction is lost. Matrix metalloproteinases (MMPs) are zinc-and calcium-dependent endopeptidases that contribute substantially to this balance, helping restore connective tissue during physiological and pathologic stages (16) . It was reported that MMPs are significantly important in IVD degeneration. MMP expression occurs in response to conditions such as mechanical stress and inflammation (23) . As a result of the degeneration of biomechanical features of the intervertebral disc, acute and chronic pain occurs (5, 8) . Cytokines such as TNF-a, IL-1a, and substance P and neurokinins are significantly important in the development of chronic lumbar pain and radicular pain (1, 3, 19, 20) . These cytokines stimulate the synthesis of MMP-3 protease (12).
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This study compared the clinical and neuroradiological findings with MMP-1, MMP-2, and MMP-3 expressions in patients operated for primary or recurrent lumbar disc herniation (LDH).
MATERIAL and METHODS
This retrospective study includes 80 patients who presented to the neurosurgery department with lumbar pain and/or leg pain, and who were treated with micro discectomy following diagnosis of lumbar disc herniation. The Istanbul Medeniyet University Goztepe Research and Training Hospital Ethics Committee approved this study (2014/0091).
Magnetic resonance imaging (MRI) was used to evaluate the extent disc of degeneration according to the five-level Pfirrmann grading system (15).
Degenerated material was removed from the herniated intervertebral disc by micro discectomy, and was evaluated both histochemically with hematoxylin-eosin staining, and immunohistochemically using MMP-1, MMP-2, and MMP-3 antibodies. Sections of 3 μm were taken from selected paraffin blocks that were previously coated with poly-L-lysine. Specimen slides were then deparaffinized with xylene for 10 min. Sections of 3 μm were taken from selected paraffin blocks and rehydrated. Hydrogen peroxide, phosphate buffered saline (PBS), and a nonspecific blocking reagent (Ultra V block: ScyTek Laboratories, USA) were applied as antigen retrieval solutions. Rabbit MMP-1, MMP-2, and MMP-3 antibodies (SPRING Biotechnology, Inc. Europe) were then localized at room temperature for approximately 90 min at dilutions of 1:200, 1:100, and 1:50 (MMP-1, MMP-2, MMP-3), respectively. After incubation with primary reagents, the slides were incubated with Ultra Tek anti-polyvalent biotinylated antibody (ScyTek Laboratories) as the secondary antibody for 15 min. After rehydration, Ultra Tek HRP (ScyTek Laboratories) was added to the specimens. After rehydration with PBS, the DAB chromogen system (DAB substrate kit, ScyTek Laboratories) was added to the specimens. Slides were counterstained with hematoxylin. Cytoplasmic staining was accepted as positive. The findings were evaluated via quantitative morphometric analysis.
The immunohistochemically-stained sections were examined using a light microscope (Olympus BX-51). The staining score each of the three antibodies was specified in percentages (%) by determining the number of positively-stained cells per 100 cells. Statistical analysis was performed using SPSS software (version 11) as follows: Student's t-test for normally distributed numeric variables; Mann-Whitney u-test for non-parametric comparison; chi-square test for categorical variables; and Pearson's correlation analysis using a significance level of p<0.05.
FINDINGS
The group comprised 47 (58.75%) male and 33 (41.25%) female patients. Average age was 51.1±12.7 (range 20-85) years. The complaint was present on the right side in 37 (46.3%) patients, on the left side in 39 (48.8%) patients and on both sides in 4 (5%) patients. Forty-three (53.8%) of the 80 cases were primary and 37 (46.3%) were recurrent. Deficits comprised loss of strength in extensor halluces in 16 (20%) cases, loss of strength in tibialis anterior in 8 (10%), and fecal incontinence in 2 (2.5%) patients (Table I) .
Following assessment of MR images, one (1.3%) case was classified as grade 2, six (7.5%) as grade 3, forty-eight (60%) as grade 4, and twenty-one (26.3%) cases were classified as grade 5 ( Figure 5 ). No MR scoring was performed in four cases. When all cases were assessed, the average MMP-1 ( Figure  1 ) value was 50.0±22.4, average MMP-2 (Figure 2 ) value was 74.3±22.2, and average MMP-3 ( Figure 3 ) value was 78.0±17.8. MR degeneration score and MMP value were similar in men and women; in addition, there was no significant difference between men and women in terms of any variables (p>0.05).
Comparison of primary and recurrent LDH patients showed no significant difference in terms of gender, operational direction, operational level, presence of deficit, MR degeneration score, age, or complaint duration (p>0.05). When primary and recurrent groups were compared, MMP expression was more apparent in recurrent cases, and the difference was significant (Table II) (Figure 6 ). The MR degeneration score was similar in cases of primary and recurrent disc hernia (p=0.850).
No correlation was found between complaint period and MR degeneration score and MMP values, or between magnetic resonance degeneration score and any of the three MMP values. There was a weak positive correlation between age and MMP-1 (r=221, p=0.049). Patients were grouped by age (≤40; 41 to 60; >61) and the correlation analyses were repeated.
The ≤40 group showed a stronger correlation between MMP-1 and age (r=0.754; p=0.002) and a significant correlation between MMP-2 and age (r=0.533; p=0.050) (Figure 4 ).
DISCUSSION
The intervertebral disc is an interface between two vertebrae, consisting of an outer annulus fibrosus and an inner nucleus pulposus. It functions as a (wall) tamp against the pressure induced by upper body weight, and contributes to the MR imaging is the most effective method in the clinical evaluation of intervertebral disc pathologies. T2-weighted MR images showed signal changes related to age and disc degeneration. We used the 5-level Pfirrmann grading system for classification of degeneration observed in MR images. Although degeneration was considered to be higher in recurrent cases, it was interesting that there was no significant inter-group difference in MR degeneration score. Canbay et al. reported that Pfirrmann classification and MR grading provided good non-invasive diagnosis, and emphasized that MR grade was significantly correlated with MMP-3 and histopathological changes. The same study reported no significant relationship between MMP-3 expression and age and symptom period (6).
Zigouris et al. reported a significant correlation between MR herniation grade and MMP-9 in patients aged under 30, but this correlation was not seen in patient groups aged 30-60 or those over 60 (24) . A different lumbar disc herniation study by the same author reported a strong correlation between MMP-1 and MMP-3 expressions and the patients' age and herniation grade. In terms of pathogenesis of lumbar disc herniation, the same study reported that MMP-1 expression was higher than that of MMP-3 in the young group of patients (25) .
In a controlled study of lumbar disc herniation by Wu et al., MMP-2 expression increased significantly with the progression of disc degeneration as evaluated by MR (22) .
In the present study, there was no significant correlation between MR degeneration score and the three MMP values. Additionally, we did not find that complaint period was correlated with MR degeneration score or MMP values. Only MMP-1 showed a weak correlation with age. When the patients were grouped according to age (≤40, 41-60, and >61), the ≤40 group showed a significant correlation between age and both MMP-1 (r=0.754; p=0.002) and MMP-2 (r=0.533; p=0.050).
In today's world, the control of MMP synthesis and activity is a popular way of DDD treatment because MMPs play a role in the development of IVD diseases as shown in previous studies (5, 8, 18, 23) . Biologically active and significantly specific MMP inhibitors were produced in the laboratory and it was observed that they inhibited the destruction of cartilage on the animals in vitro (5, 14) . In conclusion, our findings show that MMP-1 and MMP-3 expressions are higher in lumbar disc recurrence than primary hernia in the discectomy material, and that MMP-1 can be more important in disc degeneration pathogenesis among younger patients. mobility of the vertebral column. Lumbar disc herniation refers to protrusion from the annulus fibrosus by degeneration of the nucleus pulposus, and is an important cause of lumbar leg pain. Factors in the etiology of lumbar disc herniation include age, gender, profession, cigarette smoking, and exposure to vibration (23) .
The most important factors in the etiology of disc degeneration are mechanical load and the biomechanical features of the vertebral column. Significant histopathological features of disc degeneration have been reported in many studies: destruction of the collagen mesh and replacement with hyaline collagen fibers, thereby leading to the development of fissures. Additionally, there is statistical evidence that proliferation of chondrocytes inside the disc, the occurrence of lacerations and fissures, and degeneration of the mucoid and granular matrix are related to aging and disc degeneration (13).
The intervertebral disc is mainly composed of type-2 collagen in the nucleus pulposus, whereas the annulus fibrosus is predominantly type-1 collagen. The structure of these collagens and their interaction has an important role in the mechanical function of the disc. These collagen molecules can only be destroyed by specific enzymes, especially by MMPs. MMPs are the main enzymes in the catabolism of collagen molecules (7, 21) .
In a study of cadavers aged from 0 to 86, Weiler et al. reported that MMP-1,-2,-3, and -9 showed significant relationships with age and degeneration (21) . Conversely, other studies found no correlation between age and MMP expression (7) . In the present study, no significant correlation was found between age and the expression levels of either MMP-2 or MMP-3. There was a weak positive correlation between MMP-1 expression and age (r=0.221, p=0.049).
Recurrent lumbar disc herniation is defined as the onset of symptoms after a six-month pain-free period. Localization can be the same or opposite side as previous occurrences. Etiopathogenesis is attributed to ceasing of annulus during operation, insufficient nucleation of nucleus pulposus, or displacement of a free fragment. Recurrence of lumbar disc herniation was reported as between 3% and 18% (9, 10, 11) . In the present study, 37 (46.3%) of the cases were presented with recurrent LDH. A review of the literature found no previous comparison between patients operated for primary or recurrent LDH in terms of MMP expression and clinical and radiological findings.
Compared with the primary LDH group, recurrent cases showed significantly higher expression of MMP-1 and MMP-3, whereas there was no significant difference in MMP-2 levels. MMP-1 and MMP-3 values are crucial for intervertebral disc status, and so the higher levels observed in recurrent cases indicate more advanced degeneration.
Our results show that primary and recurrent LDH patients were similar in terms of gender, operational direction, and operational level, existence of deficit, age, and complaint period.
